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CATARRHAL PROPHYLAXIS IN INDUSTRY* 


N. Howarp Mummery, M.R.C.S. (Ena.), L.R.C.P. (Lonp.) 


Medical Officer in Charge of Clinic of J. Lyons and Company, Cadby Hall, London 


CUTE coryza is responsible for 
so much inconvenience and lost 
working time among all sections 
of the community that any means 
likely to control its incidence are of 
particular interest to medical prac- 
titioners intrusted with the _ super- 
vision of health among industrial 
workers. 
rom time to time articles and re- 
ports have appeared in British and for- 
eign medical journals giving their au- 
thors’ experience with either polyvalent 
stock or autogenous anticatarrhal vac- 
cines used for prophylaxis against this 
disease. These published results, how- 
ever, taken as a whole, do not bear 
out the advertised claims of the 
manufacturers and venders of stock 
vaccines, and [ think other industrial 
medical practitioners may be in- 
terested in a clinical test carried out 


* Received for publication April 26, 1928. 
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by me among members of a mixed 
factory and clerical staff over the 
period from Nov. 1, 1927, to April 1, 
1928. 

This test was carried out on a 
limited scale and with two objects in 
view: first, to determine whether a 
stock vaccine of reputable manufac- 
ture reduces the incidence of acute 
coryza; and, secondly, to endeavor to 
demonstrate whether a phase of in- 
creased susceptibility to the disease 
follows inoculation and, if so, at what 
period after the last dose of vaccine 
this may be expected to occur. The 
vaccine used was the anticatarrh vac- 
cine prepared in the Inoculation De- 
partment of St. Mary’s Hospital, Lon- 
don, and sold by Messrs. Parke, Davis 
and Company. Each patient received 
three graduated doses of the strength 
advised, at weekly intervals, and had 
undergone a preliminary inspection 
much on the lines advocated by 
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Repplier and Leaman.' The number 
inoculated was seventy-nine, half of 
whom were factory staff and_ half 
clerical staff. A corresponding num- 
ber of persons under exactly similar 
conditions of employment were closely 
observed during the same period, as a 
control, and very careful records were 
kept of both groups. Those inocu- 
lated were not selected as specially 
liable to winter colds and for this 
reason the test is, I think, of more 
ralue than the experiment carried out 
at Eton by Dr. Norman Sprott.’ 

Out of seventy-nine persons in the 
inoculated group, forty-one, or 51 per 
cent., developed acute coryza, as 
compared with eighteen out of seventy- 
two in the control group, or only 25 per 
cent. It is clear that the incidence of 
coryza among the inoculated group 
was double the incidence in the control 
group; indeed, several persons who had 
passed through the previous winter 
without acute colds developed them in 
typical form subsequent to inoculation. 
It is also noteworthy that 20 percent. of 
the attacks developed during the 
period between the thirtieth and the 
sixtieth day after the last inoculation 
(see Table 1), or at about the time 
when one would expect a negative 
phase. It would seem to follow, 
therefore, that the method of giving 
three inoculations at weekly intervals 
may actually increase the incidence of 
epidemic coryza, whereas if a fort- 
nightly or a monthly inoculation were 
continued throughout the whole winter 


! Repplier, S. J., and Leaman, W. G., Jr.: 
The Use of a Stock Vaccine in the Preven- 
tive Treatment of Colds: A Report of 125 
Cases. Tuts JouR., 1927, 9, 85. 


2Sprott, N. A.: Catarrhal Vaccines. 


Brit. Med. Jour., 1927, /, 1033. 
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and spring a definite decrease in the 
incidence of the disease might he 


TABLE 1.—INTERVAL BETWEEN 
LAST INOCULATION AND 























ATTACK OF CORYZA 
INOCULATED | ©ON- 
GROUP SROL 
GROUP 
INTERVAL 
07, 
No. of} “2: | No. of 
D. OF Enoi. | NO. o 
Cases dence| ©28es 
Under 10 days....... 6 7 2 
10th to 30th day..... 8 10 5 
30th to 60th day..... 16 20 6 
60th to 90th day..... 6 7 I 
Over 90 days........ 5 6 4 











expected to result, as the phase of 
increased susceptibility would then 
occur during the summer months when 
the factors predisposing to infection 
are less prevalent. Owing to the 
labor and expense involved, however, 
this is hardly a practical proposition 
in a large industrial concern. 

Undoubtedly, better results are 
obtained with autogenous vaccines, 
but for obvious reasons these cannot 
be prepared on a large scale and are 
suitable only where individuals show 4 
marked periodic susceptibility. The 
preparation of a vaccine from cases of 
acute coryza occurring among mem- 
bers of a factory or office staff early in 
the winter and its use in place of a 
stock vaccine for the rest of the staff, 
as suggested to me by Professor W. 
Bulloch of the Bacteriological Depart- 
ment of the London Hospital, seems 
to hold out most hope of success and to 
be worthy of extended trial as 4 
method intermediate between the two 
others and less costly. 
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SOME QUERIES ABOUT RESPIRATORY DISEASE IN INDUSTRY* 
R. M. Hurron 


Senior Investigator, Division of Industrial Hygiene, Ontario Department of Health, 
Toronto, Canada 


HE most constant fact that 

comes out of the studies which 

are being made of industrial 
sickness is that half the lost time in 
industry is caused by respiratory 
disease. This is an understatement, 
moreover, for most of the data are 
drawn from the records of benefit 
associations, where only sickness last- 
ing for a week or over is reckoned, 
and respiratory disease, which includes 
the common cold, causes far more 
sickness of short duration (7.e., last- 
ing one or two days) than sickness of 
long duration. Thus, a recent study 
of the relative frequency of the differ- 
ent kinds of respiratory disease causing 
disability for one day or more among 
the male employees of the Edison 
Klectrie Illuminating Company of 
Boston, for the years 1915 to 1924, 
showed that 71 per cent. of the respira- 
tory diseases were colds and other 
diseases of the nasal fossae (1); and 
another recent study showed that 
colds usually cause one to two days’ 
absence. Nor is it only in industry 
that it is being found that respiratory 
disease causes at least half the total 
disability, and that no other group of 
diseases, or single cause, such as ac- 
cidents, is anything like so big a factor 
‘1 waste, but the same finding is 
coming to light in the rarer community 


* T) bd ° . . 
‘veceived for publication May 31, 1928. 


studies that are being made. Quite 
evidently, successful control of re- 
spiratory disease would relieve both 
industry and the community of the 
largest part of its burden of dis- 
ability. 

From the industrial side, the ques- 
tion of causation is of immediate im- 
portance, and it is significant that, 
while respiratory diseases are almost 
invariably the major cause of dis- 
ability, the exact amount of dis- 
ability varies enormously from plant 
to plant. Thus, a recent study by the 
United States Public Health Service of 
the experience of twenty-six industrial 
sick benefit associations for the three 
years ending December, 1926, showed 
that the plant with the worst ex- 
perience had five times as many cases 
of disability lasting for one week or 
more as had the plant with the best 
experience (1, p. 609). It is, of course, 
possible that such variations are not 
associated with industrial conditions 
at all, but are caused by some unknown 
nonindustrial factor, such, for instance, 
as would account for the fact that the 
death rate from pneumonia in Akron, 
Ohio, during the eleven years ending 
Dee. 31, 1920, was only 158 per 
100,000 population while 53 miles 
away, in Youngstown, it was 268 
(1, p. 610). But on the face of it, an 
industrial causative factor seems likely 
and should be sought for until defi- 
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nitely disproved. The important 
question is whether the variations in 
the amount of respiratory disease 
between plant and plant reflect varia- 
tions in the inherent conditions of the 
processes, or merely variations in the 
medical service supplied and_ the 
preventive health measures in force. 
Unfortunately, there are few data on 
this point, and it is difficult to make 
direct comparison between different 
industries, since most of the available 
studies of industrial morbidity either 
do not distinguish between the types 
of plants or do not specify the degree 
of medical service provided. 

One of the first points that arise in 
the attempt to see whether there is 
any causal relation between industrial 
processes and respiratory disease is 
temperature. As has been seen, data 
are scarce and the findings of two of 
the rare studies specifically on this 
point are negative. The Industrial 
l’atigue Research Board, in an analysis 
of sickness records in the iron and steel 
industry (2), found an excess of all 
sickness among the workers exposed to 
high temperatures, namely, — steel 
melters, puddlers, and tin plate mill- 
men, the excess among the puddlers 
being due chiefly to rheumatism and 
respiratory disease. Put, evaluating 
the data, the latter excess was at- 
tributed less to heat itself than to 
exposure to changes of temperature, 
and it was noted that the tin plate 
millmen who were exposed to heat 
but not to chills, since they work 
almost continuously throughout their 
shift, had no excess of rheumatism and 
respiratory disease. Further, the fact 
that the blast furnacemen, who work 
chiefly in the open, had more re- 
spiratory sickness than the steel work- 
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ers looks as though exposure to 
weather was more dangerous than 
exposure to great heat. 

Similarly, recent work of the same 
Board in the cotton weaving industry 
(3) showed, contrary to all expecta- 
tion, and contrary, as will be seen later, 
to mortality experience, that there was 
no significant difference in the sickness 
experience, either general or respira- 
tory, between (a) workers in humid 
mills (where artificial heat and hu- 
midity are a notable factor) and 
(b) workers in non-humid mills. 

So far as morbidity is concerned, 
industry shows very emphatically the 
wastage caused by respiratory diseases, 
but, apart from the notoriously 
dangerous trades where silica dust is a 
factor and silicosis a recognized in- 
dustrial disease, it has not yet yielded 
any very definite clue as to the causa- 
tion of respiratory disease in general, 
and of its fluctuations in the general 
industries. 

With regard to mortality, there are 
far more data, but data from which 
deductions about morbidity can be 
made only with extreme 
since the diseases that cause 
death are not, as the rule, the diseases 
that cause most disability. With this 
qualification in mind, however, the 
figures of the English Registrar-Gen- 
eral’s Decennial Supplement on occu- 
pational mortality for the period 
ending 192i (4), which have recently 
been published, bring some arresting 
points to light. On the question 0! 
heat and humidity in relation t0 
respiratory disease, comparison be- 
tween the cotton industry and the 
wool industry is of interest. The 
spinning, doubling, and weaving of 
cotton are carried on in conditions of 


caution, 
most 
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artificial heat and moisture, whereas 
the similar processes in wool are not, 
and the mortality from respiratory 
disease among the cotton workers is 
well above the average, while that 
among the woolen workers is well 
below it. For bronchitis, the cotton 
spinners suffer a mortality nearly three 
times as high as the wool spinners, the 
doublers about two and one-half times 
as high, and the weavers nearly twice 
as high. A similar analysis in cotton 
weaving alone shows that weavers in 
wet sheds have something like three 
times the mortality from diseases of 
the respiratory system, bronchitis, 
and pneumonia that the weavers in 
the dry sheds have. In these cases, 
therefore, it looks as though artificial 
heat and humidity had a causative 
relation to respiratory mortality. 

To approach the subject from the 
opposite angle, let us see which trades 
have highest mortality from the vari- 
ous respiratory diseases. Without dis- 
tinguishing too closely between the 
slightly varying position of the trades 
lor the different classes of respiratory 
diseases, the following are the ones 
that suffer most from all classes, 
respiratory tuberculosis, diseases of 
the respiratory system, bronchitis, and 
pneumonia: tin and copper miners 
‘both above and below ground), ex- 
cept for pneumonia; grinders in the 
cutlery trade; metal grinders; file 
cutters; earthenware, china, etc., kiln 
and oven men; potters’ mill workers; 
cotton strippers; cotton blow room 
operatives; and cotton carders. 

The other trades that have high 
mortality for one or other of the 
respiratory diseases are: slate masons 
and workers (respiratory tuberculosis) ; 


- ; oF 
glass blowers and finishers, and metal 


grinders (bronchitis) ; foundry furnace- 
men (both brass and iron) and pud- 
dlers (pneumonia); while barmen, 
dock laborers, and stevedores also 
figure here and there. 

The conclusions to be drawn seem 
clear; the worst respiratory mortality 
is experienced by: 


a. Notably, those exposed to silica dust 
(tin and copper miners, grinders in the cut- 
lery trade, metal grinders, file cutters, 
earthenware and china workers, potters, 
and slate masons). 

b. Less notably, those exposed to other 
dust (cotton workers, of whom, note, it is 
the workers exposed to the most dust, not 
those exposed to artificial heat and humid- 
ity, who suffer most). 

ec. Those exposed to heat and trying 
changes of temperature (brass foundry 
furnacemen, iron foundry furnacemen, and 
puddlers). 

d. Least notably, those exposed to 
weather conditions (dock laborers and 
stevedores). 


Carrying the analysis further, a 
very interesting situation comes to 
light. It is precisely these same 
trades that have the worst mortality 
from ‘‘all causes’ and also from diseases 
of the circulatory group. Some of 
them also come among the worst 
trades for diseases of the digestive 
system and chronic nephritis. Table 
1 shows very clearly that the trades 
which are outstandingly bad for re- 
spiratory diseases are also bad for the 
other diseases, and are, from all angles, 
dangerous trades where expectation 
of life is bad. 

For convenience, the findings may 
be roughly summarized as follows: 

Tin and copper miners have exceed- 
ingly high mortality from all causes 
save influenza and pneumonia. How- 
ever, as the Registrar-General points 
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out, the figures are not perhaps com- 
pletely significant since these miners 
are notoriously nomadic, and it may 
be that the classification includes 
largely weaklings who are unable to 
return to mining in South Africa. 
Grinders in the cutlery trade have 
probably, in view of the foregoing, the 
worst mortality of all, having among 
the highest rates for all diseases save 
Unlike the 
tin and eopper miners, they suffer 
from influenza and 


digestive disturbances. 
pneumonia as 
well as from the other respiratory 
diseases, having the highest mortality 
of any trade for and the 
foundry 


influenza 
highest, save for brass 
furnacemen, for pneumonia. 

Metal grinders are very bad for “‘all 
causes,’ and bad for diseases of the 
respiratory system and_ bronchitis. 
They are not especially bad for circu- 
latory or digestive diseases. 

File cutters are very bad for “‘all 
causes,’ for respiratory diseases, for 
cerebral hemorrhage, and for some 
circulatory diseases but not for others; 
moderate for digestive diseases: and 
the 


nephritis. 


worst of any trade for chronic 


Karthenware and china workers are 
very bad for “all causes,’’ for respira- 
tory diseases, and for certain of the cir- 
culatory diseases, and fairly bad for 
digestive diseases. They are also bad 
for chronic nephritis. 

Brass foundry furnacemen are bad 
for “all causes’? and for respiratory 
diseases; worst of any trade for 
pneumonia; fairly bad for circulatory 
and for digestive diseases; and low for 
chronic nephritis. 

Iron foundry furnacemen are bad 
only for influenza, respiratory diseases, 


and pneumonia. 
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Puddlers have more mortality than 
the average for “‘all causes’? but the 
excess is caused by respiratory dis. 
eases, pneumonia, bronchitis, 
cancer only. 

Cotton blow room operatives are bad 
for ‘‘all causes,” and for everything 
except influenza, tuberculosis, and pep- 
tic uleer. They are among the very 
worst for pneumonia. 

Cotton have somewhat 
similar mortality except that they are 
bad for influenza, and not so bad as 
the blow room operatives for digestive 
diseases. 


and 


strippe rs 


Cotton carders are bad for practically 
everything, influenza and pneumonia 
included. 

Wool compare favorably 
with the cotton carders in practically 
all diseases. 

Cotton spinners have no. notably 
high mortality save for cancer. 


carders 


Wool spinners have only moderately 
high mortality save for cancer, cerebral 
hemorrhage, appendicitis, and chronic 
nephritis. 

Cotton doublers have moderately 
high mortality from both circulatory 
and respiratory diseases. 

Wool have much 
mortality than the cotton doublers 
save for circulatory diseases where 
they suffer more. 


doublers lower 


have much_ lower 
circulatory mortality and much higher 
respiratory mortality than have woolen 
weavers, but compared with the worst 


trades have not an 


Cotton weavers 


extraordinary 


mortality from any cause. 

The chief points of interest here are 
perhaps that cotton weaving, although 
a hot moist process, does not produce 
anything like so much 
disease mortality as do 


respiratory 
the dusty 
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trades. Nor is its experience out- 
standingly bad compared with that of 
all males, the comparative mortality 
fures being as follows: 


All Cotton 
Disease Males Weaving 
Diseases of the re- 
spiratory system.. 151.3 163.1 
Bronchitis.......... 49.0 $1.9 
Pneumonia.......... 85.2 70.1 


The second point of interest is that 
pneumonia is especially bad among 
foundry furnacemen (both brass and 
iron), puddlers, grinders in cutlery, 
and the dusty cotton processes (cotton 
blow room and cotton ecard), and the 
stevedores and dock laborers. Here 
again, the comparative mortality 
figure shows just how bad the figures 
are, as compared with the 85.2 for 
all males quoted above: 


Comparative 


Mortality 
Figure for 
Trade Pneumonia 
Brass foundry furnacemen...... 212.1 
[ron foundry furnacemen...... . 193.2 
a, Tee CTT eee TT ee 173.4 
Grinders in cutlery trade..... . 207.6 
Cotton blow room operatives... 193.9 
Cotton card and frame tenters. 185.6 
PD, cc cnevenctantausenda 207 .1 
Dock laborers.................. 170.6 
EG Ss 5.560 040004en0n000s 85 .2 


This experience is very similar to 
that of the United States as recorded 
by the Metropolitan Life Insurance 
Company (5), which found that the 
highest pneumonia mortality occurred 
among iron and steel molders and 
foundry workers, cordage and hemp 
mul operatives, polishers of iron and 
steel products, coal miners (under- 
ground), iron and steel mill workers, 


and then a group including miners 
(other than coal), brick, tile, and terra 
cotta workers, and the outdoor group 
of hucksters and peddlers, longshore- 
men, ete. They concluded that high 
pneumonia death rate is associated 
with dust, extreme heat, sudden varia- 
tions in temperature, and exposure 
to weather. The same _ conclusion 
would seem to follow from the English 
experience, and, in this instance, 
mortality experience is running parallel 
with morbidity experience, the high 
prevalence of pneumonia in the iron 
and steel industries having recently 
been observed and being at the 
moment the subject of a specia. study. 
With regard to respiratory disease 
as a whole, dust seems undoubtedly to 
be the most determining factor, and 
it is significant that it is the dusty 
cotton processes that have high rates 
rather than the hot and wet processes. 
A closer analysis does, however, show 
some cases where hot wet processes are 
associated with more mortality than 
the corresponding dry ones, as is seen 
by comparison between (a) cotton 
and wool (spinning, weaving, and 
doubling) and (b) wet and dry cotton 
weaving. Here, however, the mortal- 
ity experience is at variance with the 
only morbidity experience available. 
From the fact that some of the 
cotton processes have such high respi- 
ratory mortality, the question arises 
whether or not the organic dust trades 
show similar effects. For the most 
part they do not. Rag pickers and 
sorters have low mortality except for 
bronchitis, which is moderate; wood- 
workers and workers in woolen trades 
have low or moderate mortality; and 
bakers, grain and flour millers, and 
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tobacco workers all have low mortality. 
In these instances, then, organic dust 
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does not lead to a high mortality from 
respiratory diseases. 
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MEDICAL AND INDUSTRIAL FINDINGS AMONG SPRAY 
PAINTERS AND OTHERS IN THE AUTOMOBILE 
REFINISHING TRADE IN MANHATTAN, 
GREATER NEW YORK* 


JEROME MeyeErs, M.D. 
Division of Industrial Hygiene, Department of Health, City of New York 


HE medical findings in this 
1 study are based on complete 

physical, blood, and urinary 
examinations done by the writer on a 
group of workers in the automobile 
refinishing trade, during part of July 
and August, 1927. In all, 24 men 
distributed in five shops are included. 
Though the group is small, the intensive 
study devoted to it yields valuable in- 
formation. These men may be classi- 
fied in two groups: Group 1, those 
directly connected with spraying, and 
Group 2, those who are not sprayers 
but who work in the shops and are 
indirectly exposed. In Group 1 there 
are 14 men, of whom 4 are foremen of 
sprayers who reported that they were 
quite constantly exposed; in Group 2 
are 10 men, consisting of 2 painters, 
t helpers and rubbers, 1 polisher, 
2 automobile mechanics, and 1 stock 
clerk. The second group was used 
partly as a check on the first and 
as a means to determine the more 
remote effects of the sprays. 

In this trade, which usually in- 
cludes not only sprayers but also 
painters, upholsterers, metal workers, 
woodworkers, assemblers, rubbers, and 
lelpers, there is constant exposure, 
either direct or remote, by inhala- 


* Received for publication July 11, 1928. 
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tion or contact, to such chemicals as 
turpentine, gasoline, naphtha, lead, 
methyl alcohol, amyl acetate, benzol, 
toluol, and other volatile agents. Of 
all these, lead in its effects on painters 
and benzol acting on sprayers and 
other workers are the most important. 
In this study we shall confine our- 
selves to benzol. 

Benzol, in extensive use during and 
since the war, has been employed as a 
vehicle or thinner alone or in com- 
bination with other chemicals, such as 
toluol. Its effects on the blood, long 
known, have been studied to greater 
extent since its wider industrial use. 
None of the other chemicals listed 
above give the characteristic blood 
picture of benzol poisoning: a marked 
diminution in the leukocytes and in the 
polymorphonuclear cells with a rise in 
the lymphocytes, and in severe cases 
great reduction in the number of red 
blood cells and in the hemoglobin per- 
centage. Symptomatically we may 
have nausea, vomiting, dizziness, head- 
ache, malaise, and, in the very acute 
or severe cases, hemorrhages, great 
weakness, and death. ‘Therefore in 
any survey of the hazards of this trade, 
a study of the blood is of prime im- 
portance, for this may show disturb- 
ance even before any subjective symp- 
toms are reported. Such poisonous 
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effects do not seem to depend entirely 
on the length of exposure, for occa- 
sionally workers exposed for only a 
short time show low blood counts, 
while others exposed for four or five or 
six years show no leukopenia. ‘There 
is a great individual variation. It 
should be noted also that cases of re- 
cent exposure may show an increase 
in the white or the red cells, as benzol 
acts first as a hematopoietic stim- 
ulant and later as a destructive agent. 

In this study the blood was taken 
from the ear. The red and white cells 
were counted twice and averaged, and 
200 cells included in the differential 
count. Hemoglobin was first esti- 
mated by the Tallqvist method, but 
this method was later discarded, and 
the examinations were done again 
with the Sahli-Helliger instrument. 
As a standard for the white cells 8,625 
was adopted, compared with 7,500 
taken by the Benzol Committee! and 
also by the Spray Coating Com- 
mittee.2 In this study blood taken 
from the ear is regarded as running 
from 10 to 20 per cent. higher in cellu- 
lar elements than that taken from the 
finger. We have taken 15 per cent., 
and counted a 25 per cent. reduction 
from 8,625, or 6,450, as the number of 
leukocytes below which we begin to 
have abnormal leukocyte findings. In 
a similar manner, while the Spray 
Coating Committee has taken 4,000 
as the lower normal limit for total 
polymorphonuclear count, we place 
it at 4,500 for the ear. 

Analysis of the blood findings in our 
twenty-four cases (see Table 1) shows 


1 Final Report of the Committee on 
Benzol. Nat. Safety Council, May, 1926. 

2 Final Report of the Committee on Spray 
Coating. Nat. Safety Council, Sept., 1927. 
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that on the basis of total leukocyte 
count, seven, or 29.1 per cent., showed 
abnormality, or under 6,450 white 
cells. On the basis of polymorpho. 
nuclears, twelve, or 50 per cent, 
showed distinctly subnormal counts, 
or under 4,500. The Benzol Com- 
mittee uses only the total leukocytes 
as a basis of blood abnormality; the 
Spray Coating Committee discusses 
total leukocytes and also total poly- 
morphonuclears as_ standards, but 
finally gives its findings on the basis 
of the leukocytes. It would seem to 
the writer that the total leukocyte 
count gives a safer and more conser- 
vative basis. In none of these work- 
ers is the original blood picture known 
before exposure; it is not at all impos- 
sible that a certain percentage of them 
may have for normal or for other 
reasons a comparatively low white 
cell count and a diminution of the 
polymorphonuclears, as we may find 
in the lymphatic, in certain forms of 
chronic tuberculosis, in vagotonia, 
in certain cases of hyperthyroidism, 
in simple anemia, and in old syphilis. 
It may happen therefore. that in cer- 
tain otherwise normal cases and in the 
foregoing conditions low white cell and 
polymorphonuclear counts obtain with- 
out exposure to benzol. In addition, 
there are daily variations in the blood 
elements, and the simpler the basis 
for a normal blood picture the less 
liable are we to err. 

The finding of seven, or 29.1 per 
cent., abnormally low leukocyte 
counts compares with 32.1 per cent. 
of the Benzol Committee, and 19.5 
per cent. found by the Spray Coating 
Committee in high exposure plants. 


Of these seven, Group 1 showed 
three, or 21.4 per cent., two of 
j.1.H. 


- 09 
Nov., 1925 
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whom were foremen, one having done 
occasional spraying for from one to 
two weeks for four years and the 
other having been exposed for five 
years. Group 2 gave four, or 40 per 
cent.; of these one was a helper who 
at times uses a paint gun, one a pol- 
isher and assembler, one a rubber who 
is occasionally in the spray room and 
occasionally sprays, and one an auto- 
mobile mechanic. The polisher and 
the automobile mechanic both had 
spleens palpable 1 cm. and 0.5 cm. 
below the ribs. It should be noted 
here that in three of the twenty-four 
men examined the white cell counts 
were abnormally high, 11,3800, 12,100, 
and 17,000; two of these men were 
sprayers, one showing a_ palpable 
spleen and the other showing only 
pyorrhea, and the third was a painter 
showing a palpable spleen. 

As far as the red blood cells are con- 
cerned, no great abnormalities were 
found except in one shop where four 
out of seven workers examined gave 
high counts. In these four, one fore- 
man and two sprayers in Group 1, and 
one polisher and assembler in Group 
2, the counts showed 6,750,000, 
6,400,000, 6,345,000, and 6,410,000 
red blood cells, which even from the 
ear must be considered high. More- 
Over, in these four workers, it is note- 
worthy that three showed palpable 
spleens, two sprayers and one pol- 
isher. Three were directly exposed 
to fumes and the other complained of 
headache from spreading odors. With 
these four men, the percentage of 
hemoglobin (Sahli) was in no instance 
high, being 80, 68, 69, and 75. The 
white cell counts were 11,300, 5,400, 
“,500, and 5,800, abnormally high in 
one sprayer, and low in the foreman 
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and the polisher. Only one of the 
men with palpable spleens acknowl- 
edged excessive use of alcohol, and 
none had the appearance of cirrhotics. 
The possible relationship of high red 
counts, palpable spleens, and exposure 
to benzol is interesting. 

Hemoglobin estimation by the Sahli 
scale gave 88 per cent. as the highest 
and 48 as the lowest. Of twenty-two 
bloods so estimated, five were in the 
group 80 to 90 per cent., six in 70 to 
80, ten in 60 to 70, and one in 40 to 50. 
It will be noted that all bloods had a 
hemoglobin content under 90 per cent. 
(Sahli)—the figure usually accepted 
as normal for males. It should also 
be noted that from the hemoglobin 
and red cell content of the blood we 
can draw no firm conclusions until we 
know the preoccupational blood pic- 
ture of these men. 

The subjective complaints were not 
marked. In 15 of the 24 men exam- 
ined there were none; in the other 9 
cases the complaints consisted of 
dizziness, or cough and feeling of 
weight in the chest, but all but 1 
claimed that these had occurred early 
in their occupation; 1 man com- 
plained of occasional headache while 
spraying was going on. A painter for 
twelve years who had also been a 
sprayer for the last six years stated 
that he felt better since he had been 
spraying. Of the 7 men with low 
leukocyte counts, 5, or 71.4 per cent., 
had no complaints, 1 complained of 
cough at first, and 1 of occasional 
headache while spraying was going on. 
Of the other 17 with normal leuko- 
cytes, 10, or 58.8 per cent., gave no 
complaints. Of the 14 men in Group 
1, 5, or 35.7 per cent., had early irri- 
tation, 8, or 57.1 per cent., had no 
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complaints, and 1 claimed relief. Of 
the 10 in Group 2, 4, or 40 per cent., 
complained. There were no. evi- 
dences of severe or advanced benzol 
poisoning, such as hemorrhage or 
great prostration. On the whole, the 
subjective side of the picture is not 
alarming, and is even deceptive. 
Physical findings gave quite pro- 
nounced pallor in 5 cases. Of these, 
2 were sprayers, 2 worked in the spray 
room as painter or as rubber or helper, 
and 1 was an automobile mechanic. 
A number of other workers showed 
moderate pallor. There seemed to be 
a tendency toward a high red coloration 
of the ears which was especially pro- 
nounced with facial pallor. In 3 
cases having low leukocyte count, the 
complexion was noted as of high color. 
In 5 cases, or 20.8 per cent., the spleen 
found enlarged and_ palpable. 
This is a surprisingly frequent finding 
of palpable spleen. Its association 
with high red blood counts in one shop 
As far as the writer 
knows, no such finding in this class 
of workers has heretofore re- 
ported. In 2 of these cases with pal- 
pable spleens the leukocyte count was 
abnormally high, in 2 abnormally low, 
and in 1 normal. Only 1 acknowl- 
edged excessive use of alcohol and that 
only at times. One of the men, aged 32 
years, had been a painter for fifteen 
years, and was exposed to spray in- 
directly for four and one-half years; 
another, aged 22 years, had been an 
automobile mechanic for four years, 
and was exposed indirectly for about 
three months; another, aged 24, was a 
sprayer for four and one-half years; 
another, aged 25, had been a painter 
for ten years, was exposed indirectly to 
spraying for three and three-quarters 


was 


has been noted. 


been 
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years and was a spot sprayer for eight 
months; and the last, a polisher anq 
assembler, aged 52, was exposed jp. 
directly for two and one-third years 
The first of these 5 workers said his 
eyes were heavy and sleepy at the end 
of the day, and the second said he 
could smell the spray. The last 3 
men, all workers in the same shop, 
complained individually of loaded 
chest, of heavy chest and “‘ball of lead 
in stomach,” and of occasional head- 
ache from spray. None of these men 
were of such a build or weight that 
enteroptosis could account for the 
palpation of the spleen. The other 
physical findings consisted chiefly in 
nasopharyngeal irritation, phthisical 
appearance (in 3), and chronic bron- 
chitis (in 3). In Group 1, 9, or 64.3 
per cent., gave positive findings; in 
Group 2, 6, or 60 per cent. Of the 
7 men having low leukocyte count, 5, 
or 71.4 per cent., had positive findings, 
of the 14 with normal number of 
leukocytes, 7 or 50 per cent., were 
positive, while of the 3 with high 
counts, 2 had positive findings. 

The urine of each worker was ex- 
amined chemically and microscopically 
by the writer. In only one instance, 
an alcoholic, was there albumin, and 
in only one other an occasional cast; 
neither case was in Group 1. In a 
great many of the urines there seemed 
to be a marked aromatic odor. for 
this reason, in two cases twenty-four- 
hour specimens were submitted to Dr. 
Gettler of Bellevue Hospital for analy- 
sis for possible excreted benzol or 
other allied chemicals. He reported, 
“Chemical examination did not reveal 
the presence of any free benzene OF 
any phenol compounds. ‘There were 
present a comparatively large amount 
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of conjugated compounds of phenolic 
nature.’ As these conjugated sub- 
stances are found normally in urine, 
no conclusions can be drawn, but, as 
he suggests, the examination of the 
urine of the person when not at work 
and then under spraying conditions 
might prove valuable for determining 
possible absorption and excretion of 
the various chemicals used in the trade. 
Thanks are due to Dr. Gettler for his 
chemical assistance, and to Dr. Cor- 
win and Dr. Simmons of the Academy 
of Medicine for their suggestions in 
obtaining this help. In addition, in 
five eases the urines showed an excess 
of ealcium oxalates, one with a pal- 
pable spleen and a high red count, 
one with a high red count and a white 
count of 5,400, and one with com- 
plaints of previous dizziness. On the 
whole, the kidneys showed no irrita- 
tion or degenerative effects of the 
trade. 

It should be noted that in benzol 
experiments on rabbits evidences of 
increased ecatabolie activity have been 
found in the urine.* It might be of 
value to examine the blood of the men 
in this trade for possible increased 
uric acid, creatinine, ete. 

As far as the relation of physical 
ndings to industrial shop conditions 
is concerned, the findings are variable, 
but very interesting. Shop 1 was 
provided with an enclosed room with 
a fan, but considerable spraying was 
done on the open floor. This was the 
shop in which seven men were exam- 
ined, of whom four showed high red 
cell counts, three of these four had pal- 


ne Underhill, F. P., and Harris, B. R.: 
oo Influence of Benzol upon Certain 
ASpects of Metabolism. Turis Jour., 1922- 
N23, 4, 491 


pable spleens, and four had low white 
counts and one a high white count. 
Shop 2 had a large enclosed room with 
a fan, but not only were men engaged 
in other work found in this room, but 
fumes from this room were reported to 
spread to the open floor of the shop. 
In this shop no low leukocyte counts 
were found, there was but one high 
count accompanying a palpable spleen; 
two of the five men examined had 
chronic bronchitis, and four showed 
pallor. 

In Shop 3, with an enclosed room and 
fan and no complaint or evidence of 
open floor spraying, there was one case 
of pallor and chronic bronchitis and one 
of pallor and enlarged spleen. ‘The 
latter case was in an automobile 
mechanic who showed an abnormally 
low white count, as did a rubber who 
was also an occasional sprayer. Shop 
4, in which provisions for the sprayers 
were good and provisions for the other 
workers adequate if the folding doors 
were kept closed, showed among five 
sprayers only one with an abnormal 
white count of 17,000; this man com- 
plained of vertigo and physical ex- 
amination showed pyorrhea to be 
present. One other worker showed 
some pallor, and one was pale and of a 
phthisical appearance and had a dull 
right apex. In Shop 5, having a spray 
room without a door, the only worker 
examined gave a history of chronic 
otitis media, was pale, and had a low 
white count. 

It would seem that no hard and fast 
rule as to relation of exposure and 
shop conditions can be drawn; there 
would, however, seem to be fewer de- 
fects with better conditions. Shop 1 
shows the greatest number of physical 
defects; this may be due to open floor 
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spraying or to benzol content of sprays. 
Shop 2, in which men worked at other 
jobs in the spray room, does not show 
so many. Shop 38 with good condi- 
tions gave a few unfavorable findings. 
Shop 4 with good conditions gave the 
fewest defects. It will be noted that 
in Shop 1, where the greatest number 
af physical defects was found, there 
was the greatest number of subjective 
complaints. 

ven under the best conditions of 
ventilation now possible, the sprayer 
is exposed to a certain amount of spray. 
Analyses of the shop air in the spray 
rooms and on the open floor and of the 
ingredients used for benzol are indi- 
eated. The Benzol Committee con- 
siders benzol even below 100 parts 
per million of air dangerous except 
in enclosed systems. It reported 
twenty-six positive blood findings 
among eighty-one workers in rooms 
with an average benzol content of 70 
to 1,800 parts per million. The Spray 
Coating Committee found twice as 
many complaints of dizziness and 
dyspepsia in plants where benzol was 
known to be used as in plants sup- 
posedly free from benzol fumes. This 
Committee found percentages of ben- 
zol in lacquers used in different plants 


to be 1.5, 1.5 and 9, and 9. The 
sources of benzol are listed as old 


stock lacquers, cheap thinners con- 
taining benzol, much of the two- 
degree boiling range toluol used in 
lacquers which may contain as much 
as or more than 0.5 per cent. of ben- 
zol, and denatured aleohols which 
may contain benzol in small amounts. 
A lacquer containing 0.5 per cent. of 
benzol has 5,000 parts of benzol per 
million of air, and when sprayed 
leaves the gun in a strength of 300 to 
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over 500 parts per million by volume 
of benzol. 

Of thirty-two automobile refinishing 
plants inspected by the writer in the 
summers of 1926 and 1927, there were 
thirteen in which painting only was 
done, and nineteen in which there was 
also spraying. Of these nineteen there 
were twelve in which were found haz- 
ards for the sprayers and other work- 
ers. These were due to incompletely 
enclosed spray rooms, to fumes com- 
ing through open doors while spraying 
was going on, to the fact that men 
worked in the spray rooms at other 
jobs, and to open floor spraying, 
Many of these defects were remedied, 
but there must still remain exposure 
to fumes. There is little question 
that in this trade, in New York City 
as elsewhere, sprays containing benzol 
and cheap substitutes containing ben- 
zol are utilized. Individual suscepti- 
bility plays a part and preoccupational 
blood and physical conditions must be 
discounted, but real dangers and in- 
jurious effects exist; only by the 
elimination of benzol, by proper ven- 
tilation, by enclosed spraying, and by 
medical supervision can the sprayers 
and other workers be guarded. 


CONCLUSIONS 


Distinct physical defects attribut- 
able to benzol are very evident from 
this study. Of twenty-four men ex- 
amined, seven, or 29.1 per cent., 
showed a blood picture of abnormally 
low leukocyte count; this finding was 
not confined to the men directly ex- 
posed to the spray. Abnormally high 
leukocyte count, high red blood cell 
count, and decreased hemoglobin per- 
centage were also in evidence. In 
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sve workers, or 20.8 per cent., the 
spleen was palpable—a surprising per- 
centage and a condition not before 
clinically reported in such an investi- 
vation. Pallor was common, though 
‘n some cases with high red counts the 
complexion was ruddy. Chronic bron- 
chitis, phthisical appearance, and 
nasopharyngeal irritations were also 
in evidence. Physical appearance, 
length of exposure, and the presence 
or absence of subjective complaints 
are not indicative of the presence or 
absence of blood or physical changes 
or of their severity. Sprayers immedi- 
ately exposed to sprays or those in- 
directly exposed may be affected. 
The blood picture and physical con- 
dition before entering this trade must 
always be kept in mind. 


RECOMMENDATIONS 


1. A thorough physical examina- 
tion, including examination of the 
spleen, should be made of all workers 
before they enter the automobile re- 
finishing trade. 

2. A complete blood examination 
should be done on workers before en- 
trance in order to determine individual 


horms. 


3. Complete physical and_ blood 


tests should be done every three 
months. 

4. No worker should do spraying 
with paints or lacquers containing 
lead or benzol if he has symptoms and 
physical findings referable to either 
substance, or if he has suspicious 
symptoms with a 25 per cent. reduc- 
tion in the red blood cells or a white 
count under 5,600 for blood taken from 
the finger or under 6,450 for blood 
taken from the ear, with further blood 
examinations showing progressive re- 
duction. When the original biood 
condition of workers has been estab- 
lished, declining counts will imme- 
diately arouse suspicion of benzol 
effects. 

5. Tuberculosis, suspected tuber- 
culosis, chronic bronchitis, asthma, 
myocardial and valvular disease, ne- 
phritis, or any blood dyscrasia should 
exclude workers from the trade. 

6. All the foregoing regulations 
should apply to workers in spraying 
shops who are even indirectly exposed. 

7. Chemical examination of spray- 
ing mixtures for presence of benzol 
should be made. 

8. Efficient ventilation systems 
should be installed and properly used, 
and rooms should be enclosed. 








PHOSPHORUS NECROSIS IN THE MANUFACTURE OF 
FIREWORKS* 


EMMA FRANCE WARD 
Baltimore, Md. 


HE Treaty of Berne in 1906 was 

the outcome of an aroused 

public opinion which had been 
appalled by the results of the use 
of white (yellow)! phosphorus in 
the manufacture of matches, an indus- 
try in which chronic phosphorus 
poisoning was most common. At that 
time, seven countries were signatories 
to the treaty which prohibited the 
manufacture, importation, and sale of 
matches containing white or yellow 
phosphorus. Year by year, the num- 
ber of countries adhering to the treaty 
increased until, in 1925, most of the 
countries had prohibited the use of 
yellow phosphorus in the match in- 
dustry. Every type of regulation had 
been tried in Europe before elimination 
of poisonous phosphorus was advo- 
cated. Among the measures of regu- 
lation were the following: limitation of 
the amount of phosphorus; require- 
ment of factories especially arranged 
for such manufacture with specified 
location and size of rooms, type of 
walls, floor, and ventilating apparatus; 
regular dental and medical inspection; 
limitation of hours; change of oecupa- 
tion at stated intervals; reporting of 
cases of phosphorus necrosis; posted 
notices of the hazard of the occupation; 
special clothing; and furnishing of 


*Received for publication June 22,1928. 
1White phosphorus becomes yellow when 
exposed to light. 
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mouth wash. In spite of the stringent 
regulations, burdensome to the manu- 
facturer and irksome to the worker, 
cases of “phossy jaw,” as the disease 
was called on account of the charac- 
teristic swollen jaw, continued to 
appear, and prohibition of yellow 
phosphorus resulted. 

When the United States passed a 
law in 1912, imposing a prohibitive 
tax on yellow phosphorus matches, 
those interested in industrial con- 
ditions felt that one of the most 
horrible and disfiguring of the indus- 
trial poisons had been eliminated. 
The United States Bureau of Labor 
Statistics, which in conjunction with 
the American Association for Labor 
Legislation had made an investigation 
of the extent of chronic phosphorus 
poisoning in the match factories of 
the country (1), was horrified to 
discover a few years ago that cases of 
phosphorus necrosis were again begin- 
ning to appear in the hospitals. ‘The 
Bureau learned that a type of fireworks 
was being manufactured which re- 
quired the use of yellow phosphorus 
and an investigation was made in the 
spring and summer of 1925 and the re- 
sults were set forth in Bulletin No. 400 
of the Bureau of Labor Statistics (2). 

According to Dublin, the workers 
who come in contact with yellow 
phosphorus are bone black makers, 
brassfounders, fertilizer makers, fire- 
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works workers, insecticide makers, 
mateh factory workers, phosphate mill 
workers, phosphor-bronze workers, 
phosphorus compound makers, and 
phosphorus extractors (3). The use 
of yellow phosphorus is also reported 
as a substitute for camphor in the 
manufacture of celluloid at times when 
the price of camphor is high (4). The 
production of yellow phosphorus in 
the United States for making muni- 
tions during the World War had 
reached 1,006 tons at the time of the 
armistice (5). 

The manufacture of phosphorus 
fireworks was found to present the 
greatest hazard. Of the fifty-seven 
fireworks factories listed in the United 
States 1920 census, only three were 
engaged in the manufacture of this 
type of fireworks. Attention had 
already been turned to the use of 
phosphorus fireworks because of 
another hazard—acute phosphorus 
poisoning. Phosphorus fireworks 
were manufactured primarily for chil- 
dren. Sinee some forms resembled 
candy lozenges, children sometimes 
have mistaken them for candy and put 
them in their mouths, perhaps swal- 
lowed part of them, often with fatal 
results. The American Museum of 
Safety reported the deaths of nine 
children from this cause during the 
‘ourth of July season, 1925. After 
the death of two Louisiana children, as 
a result of acute poisoning from phos- 
phorus fireworks, the state passed a 
law prohibiting the sale of such 
lireworks. 

In addition to the paramount hazard 
of chronic phosphorus poisoning, an- 
other hazard is that of explosion. The 
composition of the phosphorus fire- 
works manufactured in one plant was 


Vol. 10 
No. 9 


as follows: gum arabic sirup, 10 
quarts; yellow phosphorus, 1 pound, 
14 ounces; magnesia, 3 pounds, 6 
ounces; red mineral, 54 pounds; chlo- 
rate of potash, 6 pounds. Another 
factory used a compound made up in 
the following proportions: gum arabic, 
40 pounds; yellow phosphorus, 7% 
pounds; carbonate of magnesium, 13} 
pounds; red ocher, 22 pounds; chlorate 
of potash, 25 pounds. Chemical 
analysis of three samples of one type 
of phosphorus fireworks and one 
sample each of two other types showed, 
respectively, 5, 3.97, 6.5, 6.08, and 
4.39 per cent. of phosphorus. 

If the mixture from which the fire- 
works are made is not carefully 
prepared so that the ratio of chlorate 
to phosphorus is exact, and the 
phosphorus distributed in microscopic 
particles, each one contained in a 
protective sac of gum arabic, the 
finished composition is very sensitive 
to friction. If, in shipping, this type 
of fireworks comes in contact with the 
shipping container, when the sawdust 
settles too tightly at one end of the box, 
leaving a space at the other end, a 
shock on the outside of the box may 
ignite the composition. In the last 
fifteen years, eighteen fires or explo- 
sions due to phosphorus fireworks have 
been reported (6). The danger from 
explosion also constitutes a hazard of 
production, particularly in the mixing 
department. Mixtures of chlorates 
with phosphorus are considered more 
dangerous than those with sulphur, 
and, according to Marshall, their use 
in England was restricted in 1905 (7). 

In 1904, two patents were taken out, 
one by Marius Magnard of France and 
the other by Karl Hufnagel of Ger- 
many, and this seems to be the first 
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record of phosphorus fireworks in the 
United States. Hufnagel’s patent was 
finally bought by one of the three 
companies that manufactured phos- 
phorus fireworks. About 1904, a 
pyrotechnist began making experi- 
ments with detonating fireworks and 
started to manufacture on a small 
scale in Belleville, N. J., later moving 
to Erie, Pa. The product under the 
name ‘“‘crazy cracker’ was sold mostly 
in the South. In 1908, he went to 
Newark, N. J., where he engaged in the 
manufacture of phosphorus fireworks. 
In 1917, he was making “automatic 
torpedoes’’—a similar product—in a 


large fireworks plant. Later, in 
another state, he manufactured a 


similar kind of fireworks under the 
name of “spit devil.’”’ In each in- 
stance, though the trade name varied, 
the compound manufactured was 
essentially the same. The superinten- 
dent of one of the factories studied in 
the survey claims to have made de- 
tonating fireworks in St. Louis about 
1904, and later in Memphis, Tenn.; 
in 1905 he took charge of the factory, 
where he was interviewed at the time 
of the study. Of the three factories 
manufacturing phosphorus fireworks, 
one seems to have started in 1905, 
another about 1909, and a third about 
1918. One firm ealled the phosphorus 
toy “spit devil;’ another used the 
trade name “son of a gun” and also 
produced the ‘‘automatie torpedo;” 
the third plant labeled its phosphorus 
fireworks ‘‘devil on the walk’’ and a 
slightly different variety “jumping 
jacks” and “tanks.” In the South, 
this toy seems to go by the name of 
“daneing devil’ and_ occasionally 
“nigger chaser,” though another type 
of fireworks is usually given the latter 
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name. ‘Crazy cracker,” ‘Dixie 
cricket,’ “holy terror stick’’ seem to 
have been designations, and “bingoes,” 
“cracoes,”’ and ‘‘flappers’” have also 
been used as names for these toys. 

Practically all these fireworks have 
the same appearance—small disks 
about ¢ to 3 inch thick and 1 inch in 
diameter, with a covering of red or 
black paper although in some instances 
sand or a composition of pitch and 
naphthalene was used for a coating. 
Sometimes a larger size—l5 or 2 
inches in diameter—was manufac- 
tured. When the fireworks were 
placed on the sidewalk and struck by 
the heel or some heavy object, they 
discharged, giving forth considerable 
noise in a series of explosions in rapid 
succession, at the same time Jumping 
about and giving out bright flashes of 
light. 

In one factory, the toy took the form 
of a “‘tank’’ and consisted of a small 
gray pasteboard container resembling 
a tank and holding a combustible 
carrier sheet of tissue paper on which 
were mounted thirty small pastilles of 
the phosphorus compound, arranged 
at regular intervals. A fuse extending 
through a hole in the top, attached by 
an adhesive to the carrier sheet, 
ignited the toy, which exploded in 
much the same way as the other 
phosphorus fireworks. The “jumping 
jack” from the same firm, labeled a 
“Box of Concentrated Noise,’ con- 
sisted of a small red pasteboard box 
about 13 inches square, with a large 
circular opening in the top through 
which the earrier sheet was ignited. 
It had similar pastilles but a smaller 
number—twenty-four instead of thirty. 

The manufacture of phosphorus 
fireworks consisted, in general, of five 
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processes: the preparation or mixing 
of the paste, molding, drying, wrap- 
ping, and packing. In mixing the 
paste, or “‘soup,’’ as it was called, a 
double jacket kettle with automatic 
paddle was generally used. One per- 
son—usually a man—was able to 
handle the mixing. The mixer, as a 
sencral rule, dipped out the paste 
from the kettle, after mixing, into a 
large bucket or pan, sometimes carry- 
ing it to the molding room, when a 
supply was needed, or putting it in a 
shed out of doors, where it was easily 
accessible to the molders. After cool- 
ing the paste, the molder formed it 
into lozenges, which were usually 
wrapped by the same worker. ‘The 
lozenges were then removed to a drying 
room and later packed for shipment. 
Semiautomatic methods which were 
trade secrets were in use in two plants. 
In these machines, the toy was molded, 
then dried, and finally wrapped. 

The older process, at one time used 
in all three plants, was still in use in 
one factory at the time of the investi- 
gation. The molding and wrapping 
processes were completed together. 
The worker—usually a woman—filled 
a small pan with the paste and placed 
it on the table in front of her. » With 
a spoon, flattened at the bowl end, 
the molder dipped out the requisite 
amount of paste and placed it on a 
square of red or black tissue paper, 
which had been fitted into a mold of 
aluminium, containing spaces for a 
number of lozenges. With one hand 
the worker folded the paper over, 
closing it at the top, while with the 
other she reached for another spoonful 
of paste. When the mold was filled, 
she lifted it from the cardboard on 
which it had been resting, leaving the 
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completed lozenges on the cardboard 
tray. The wrapped disks were laid 
to one side, later counted, and checked, 
and taken to the drying room to be 
laid on wire screening to dry. Finally 
the finished product was packed in 
sawdust in small pasteboard con- 
tainers by women workers, and then 
arranged in large wooden boxes for 
shipping. 

This method of combined molding 
and wrapping is the most hazardous 
process. The bowls of ‘‘soup” in 
front of the workers are continually 
giving off fumes, in the process of 
oxidation—chiefly phosphoric oxide, 
some phosphorous oxide, and phos- 
phorus. The women, working on a 
piece rate basis in order to increase 
their wages, often sat close to the 
table, with their heads bent over their 
work. A rag which was kept on the 
table beside each worker to remove 
particles of phosphorus paste from the 
hands, though washed many times a 
day, was constantly giving off fumes. 
The characteristic odor of phosphorus 
was clearly discernible, although the 
doors and windows were wide open. 
The women who spread the lozenges 
on wire screening in the drying room, 
which opened into the molding room, 
were exposed to a slight hazard. In 
the packing room explosions might 
occur, but these were very rare. 
Usually plants have a separate room, 
sometimes a separate building, for 
every process. The mixing is always 
done in a separate room on account of 
the danger from explosion, although 
actual explosions have been infrequent. 

There are no posted signs to warn 
the employees of the danger of chronic 
phosphorus poisoning. ‘There are seen 
occasional smdll labels, such as are 
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pasted on the boxes in packing, with 
a warning against the danger of acute 
phosphorus poisoning as follows: 


Phosphorus 


Poison, if swallowed. 

Antidote: Give emetics and purgatives. 
Do not give milk, eggs, fats, or oils. 
Secure medical treatment immediately. 


It was claimed that all necessary 
instructions and warnings were given 
verbally. Practically all employees 
were aware that there was a possibility 
of contracting phossy jaw, since in 
ach plant cases of phosphorus poison- 
ing have occurred and in some cases 
the sufferers have endeavored to obtain 
compensation or damages. In the ear- 
lier days of the manufacture of phos- 
phorus fireworks, the workers were 
probably not aware of the possibil- 
ity of developing phosphorus necrosis. 
Ventilating apparatus in the work- 
room assists somewhat in lessening the 
hazard. In only one plant visited 
was there an exhaust system in use. 
The fan in the mixing room was not 
operating on the day of inspection. 
The ventilating engineer who installed 
the system claimed that the air was 
changed every five minutes, but the 
manager stated that the air was 
changed every minute after improve- 
ments in the system had been made. 
All the plants had many windows in 
almost every room and doors and win- 
dows were kept open as much as 
possible (the plants were visited in 
mild weather when this could be done). 
In one factory, the mixing was done in 
a semienclosed shed, and after the 
composition had mixed the 
buckets were kept in another shed 
where they were accessible to the 
molders who filled their pans there. 


been 
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In addition to the fumes, particles 
of phosphorus paste carried by the 
hands to the mouth also constituted a 
hazard. Washing facilities were for 
the most part inadequate. At one 
factory an outside hydrant was the 
only place for washing. Soft soap 
was furnished in two plants, and paper 
towels in one (the paper towel cabinet 
was empty on the day of the visit) and 
waste in the other for drying the 
hands. Lunch rooms were not found 
in any of the plants. One establish- 
ment had a small cloakroom where 
lunches could be eaten. Employees 
of the fireworks factories were told not 
to eat in the rooms where they worked 
and in good weather those who did not 
go home for lunch usually ate out of 
doors, but in bad weather they 
generally ate inside. 

Since phosphorus necrosis seems 
more likely to occur when workers 
have decayed teeth, dental care in 
the factory is of very great impor- 
tance. In two plants, dental service 
was provided, and it was claimed that 
regular dental inspections were made 
of the teeth of all employees. In 
practice, however, the visits of the 
dentists did not seem to be as frequent 
as they were originally intended to be. 
The dentists were given careful in- 
structions to refer anyone who showed 
the slightest tendency to develop a 
necrosed condition to a_ specialist, 
whom the plant paid. One factory 
estimated that two years previously 
its dentist bill had been $1,700 and the 
year before the study, $1,500. An- 
other plant paid its dentist $500 in one 
year. If workers who have had teeth 
extracted return to the factory before 
the complete healing of the wound, 
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they seem peculiarly susceptible to 
phosphorus’ necrosis. The plant 
which did not provide dental service 
did not permit its employees to return 
to the phosphorus department, after 
extraction of a tooth, until complete 
healing of the wound. The manager 
of this plant stated that he had not 
known that the work was dangerous 
until one girl who had had a tooth 
extracted had contracted phosphorus 
necrosis and died. No physical exami- 
nations were given to workers at the 
time of employment and there was no 
systematic medical inspection. 

The employees of the fireworks 
plants were interviewed while at work 
and information was obtained regard- 
ing the length of time they had been 
employed, in the plant, and on the 
phosphorus process, and their age and 
sex and color were noted. Of the 71 
workers engaged in manufacturing 
phosphorus fireworks at the time of 
the investigation, 15 were men and 56 
women. Twenty of the employees 
had been employed in the phosphorus 
departments one month or less; 14 had 
been working with phosphorus for 
more than one month but less than six 
months; 10 for six months but less 
than one year; 17 for more than one 
year but less than three years; and only 
10 workers had been handling phos- 
phorus fireworks for three years or 
over. Seven of the employees were 
under 18 years; 45 were between the 
ages of 18 and 25; 18 between 25 and 
50 years; and only 1 worker was over 
oO years. 

A summary of the information 
gathered about the cases of phosphorus 
necrosis which had occurred in the 
manufacture of fireworks is given in 
Table 1. Of the fourteen cases listed, 
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thirteen were women. This was prob- 
ably due to the fact that the most 
hazardous process—that of molding, 
where the workers were constantly 
exposed to the fumes arising from the 
pans of phosphorus paste—was done 
almost exclusively by women, and 
was the one in which these women were 
employed. The remaining case, a 
man, was that of a mixer. The 
number of workers employed in this 
process—usually one man with occa- 
sionally an assistant—was very small. 
In the match industry, phosphorus 
poisoning seems to be slow in develop- 
ing, whereas in some of the cases in 
the fireworks industry it developed 
rapidly (8). Among the workers in 





the phosphorus fireworks industry 
who had _ developed phosphorus 
necrosis, one worker had _ been 


employed in phosphorus processes only 
about three months, although he had 
been working in the plant for a period 
of two years; another had been exposed 
to phosphorus about six months; 
several others had been working in 
phosphorus for two years or less; two 
workers for three years; two for five 
years; and only one for as long as six 
years. Many of the colored workers 
could not remember definitely the 


length of time they had been employed 


and no records were available at the 
plant so that the duration of employ- 
ment in some cases had to be approxi- 
mated. Two of the fourteen cases 
were fatal, about 14 per cent. of the 
total number. Dr. Hamilton gives 
the mortality of phosphorus necrosis 
as usually about 15 to 20 per cent. (8). 
The duration of the disease could not 
always be accurately determined since 
in some instances there were no dates 
of hospital or doctors’ records available 
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and the investigator was forced to rely 
on the memory of the worker or the 
worker’s family. In Case 9 the 
disease was particularly rapid, lasting 
only about six months, before the 
patient succumbed. In the other 
fatal case, the disease lasted a little 
over a year. Nine of the fourteen 
cases developed necrosis in the lower 
jaw, four in the upper Jaw, and one in 
both Jaws. 

The medical histories of the fourteen 
cases which occurred among the 
employees of the fireworks factories 
were obtained from hospitals, doctors, 
and dentists. It was impossible to 
get very complete records of the 
earlier cases for in some instances the 
records had been lost or attending 
physicians had moved away and could 
not be traced. There may have been 
some additional cases, for occasionally 
a dentist thought he remembered a 
case of phossy jaw many years back, 
but when no corroborating records 
could be secured, such cases were 
ignored as being too vague. In one 
factory, where many of the employees 
came from a distance and boarded in 
the village, fellow employees told of 
girls who had been taken ill and had 
gone back home, but it was impossible 
to secure the addresses of such persons 
and the nature of the illness could not 
be ascertained. 

A few of the abstracts of the medical 
histories are given below. The age 
given is the age of the worker at the 
time of the investigation. 

Case 1 (Plant 1).—This patient, a 
female, white, aged 22 years, had been 
exposed to phosphorus for five years. 

According to the hospital record, the 
patient entered the hospital Jan. 30, 1923, 
with an extensive necrosis of the right side 
of the upper Jaw and a smaller area of in- 








o22 


volvement on the left side. There had been 
an operation four months before, with no 
results. She was 20 years old at the time 
of entrance, had been working in a fireworks 
factory, had had no injuries, and no pre- 
vious illnesses except measles, and weighed 
100 pounds; she had weighed 115 pounds 
six months before, according to the record. 
A smear revealed the presence of large 
numbers of fusiform bacilli of Vincent’s 
angina. On February 6, large sequestra on 
the left side were removed, together with 
several teeth, and from time to time, 
until December 1, smaller sequestra were 
exfoliated. Irrigation several times a day 
with very weak iodine solution and sodium 
bicarbonate was advised. During all this 
time there was a marked and persistent 
anemia, the patient’s hemoglobin falling as 
low as 40 per cent. and her blood sugar as 
low as 50 mg. per 100 c.c. On Dec. 1, 1923, 
an operation—a subperiosteal resection of 
the entire upper Jaw—was performed. The 
anterior tip of the soft tissue overlying the 
hard palate was sutured to the anterior 
central mucous surface. Six months later 
the patient was supplied with a full set of 
artificial teeth, and apparently has had no 
more trouble. 

Case 3 (Plant 1).—This patient, a 
female, white, aged 19 years, had been 
exposed to phosphorus for eighteen months. 

A provisional diagnosis, on the patient’s 
entrance into the hospital on April 23, 1923, 
was facial cellulitis and osteomyelitis of the 
jaw. An abscessed tooth had been removed 
prior to admission, and the dentist had 
incised the swelling of the lower right jaw, 
but as this gave no relief he had advised her 
to enter the hospital. Two incisions were 
made along the border of the lower jaw, 
with the discharge of considerable pus, and 
drains were inserted. Hot poultices were 
applied and Dobell’s gargle was used. The 
patient was discharged from the hospital on 
April 29, 1923. 

The patient was readmitted on May 8, 
1923. Operative finding was necrotic osteo- 
myelitis of the lower jaw (corroborated by 
X-ray on May 13). The bone was found to 
be necrotic and was curetted; a molar tooth 
was removed; bone was curetted also from 
the inside of the mouth. The patient was 
discharged on May 23, 1923. 
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On Aug. 4, 1923, the patient was admitted 
a third time, complaining of swelling on the 
right side of the face, of a discharge from 
the mouth, of a discharge from the mass 
externally, and of pain over the upper por- 
tion of the mass. The patient had lost 30 
pounds during her illness. Culture of a 
smear of pus showed Vincent’s organisms 
on August 4, and on August 9 revealed 
fusiform bacilli and spirilla forms of Vin- 
cent’s angina. In operating, the bicuspids 
of the lower set of teeth were removed; an 
external incision was made along the 
lower jaw, the periosteum retracted, and 
the sequestrum removed. The floor of the 
mouth was reconstructed, obliterating the 
fistulous tract to the outside, and tissues 
were sewed in layers. A rubber tube was 
inserted in the lower angle. On September 
4 a blood transfusion of 450 c.c. of blood was 
given because of the patient’s condition— 
white blood count very low, red blood 
count 1,710,000, hemoglobin 45 per cent. 
The patient received Alpine light treat- 
ment. On Dec. 19, 1923, she was dis- 
charged, in an improved condition. 

On March 4, 1924, the patient entered a 
hospital again, with her face swollen and 
tender, complaining of slight pain on 
moving her jaw. Her blood count showed 
a slight increase in white corpuscles during 
a period of some seven days. Two large 
sequestra were removed from the right side 
of the lower jaw, and one from the left side 
of the upper jaw. The patient was dis- 
charged on March 11, 1924. 

Case 4 (Plant 2).—This patient, a 
female, white, aged 19 years, had been 
exposed to phosphorus for seventeen 
months. 

The report of the physician (Nov. 20, 
1924) stated that the girl had entered the 
fireworks factory in the latter part of 
November, 1921. At that time she was a 
well-developed country girl of 16 years, in 
excellent health, and with perfectly normal 
teeth. Anirritating cough, unaccompanied 
by any expectoration, was the first symp- 
tom observed by her, when she was exposed 
to the fumes of the phosphorus paste. A 
large proportion of her fellow employees 
had a similar cough. About January, 1923, 
she began to feel unusually tired, her 
appetite became impaired, and in March, 
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1923, two of her teeth showed signs of 
caries and had to be extracted. The 
wound did not heal and necrosis of the jaw 
started. This was bilateral and progres- 
sive. In April, 1923, she had considerable 
fever and was confined to bed for about two 
weeks. On recovery she returned to work 
in the factory and continued to handle the 
phosphorus paste until June, 1923. 

In September, 1923, the patient was 
examined by Doctor H. at a hospital dis- 
pensary. Several of the lower teeth had 
become loosened and extensive necrosis of 
the right and left sides of the lower jaw had 
occurred. The condition was diagnosed as 
‘‘phossy jaw’’ by Doctor H. and also by 
Doctor L. who operated on her shortly after 
her admission to the hospital, removing all 
her loose teeth and thoroughly curetting 
the necrosed bone. Various hygienic and 
medicinal measures were instituted and 
three subsequent operations were per- 
formed, but the necrosis continued to 
progress. In November, 1923, the patient 
had lost considerably in weight, could 
swallow food only with great difficulty, 
exhibited a profound anemia, and had a 
septic type of fever, reaching 103° and 104° 
daily. An examination of the lungs re- 
vealed no abnormal signs, and the results 
of the X-ray examination were negative. 
There were no tubercle bacilli in the 
sputum, in the discharge from the wounds 
along the Jaw, or in the scrapings from the 
bone. The heart was normal in size and 
position, and there was no audible murmur. 
The muscle tone of the heart was decidedly 
impaired, probably owing to the prolonged 
period of sepsis. The pulse was rapid and 
feeble, but the rhythm was normal. The 
blood examination showed evidences of 
decided anemia and leukocytosis. The 
Wassermann test was repeatedly negative. 
The urinalysis showed no abnormality of 
importance. The X-rays of the jaw showed 
extensive bilateral necrosis, involving the 
rami of both right and left sides of the lower 
jaw, extending backward to the angles of 
the jaw. The entire anterior portion of the 
jaw seemed to be separated from the rami. 
X-ray films were made of various long bones 
of the body but no pathologic change could 
be demonstrated. There was a_ profuse 
foul-smelling discharge from the sinuses on 
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either side of the cheek and neck. The 
patient was operated on, on Oct. 23, 1923, 
the left side of the Jaw being opened, and 
again on December 12, this time on the right 
side. The left side, which had been oper- 
ated on, was oozing pus and it was treated 
and drained. The second operation was 
about the same as the one on the left side, 
except for the removal of a quantity of 
rotten bone with a lot of pus formation. 
In January, instead of the operation being a 
success and abating this rotten bone, the 
condition progressed, as was shown by the 
X-ray. On January 14, the patient was 
operated on again on the right side, and a 
great deal of bone had to be removed, 
nearly up to the top of the jawbone. It 
was a severe operation and hemorrhage was 
almost continuous. 

By eliminating all such diseases as 
syphilis and actinomycosis, and from the 
appearance of the gum and the unusual foul 
odor, and especially because of the history 
of exposure to phosphorus, Doctor L. con- 
cluded that the disease was ‘‘phossy 
jaw’’ rather than other forms of necrosis of 
the jaw. It differs from other forms of 
osteomyelitis of the jaw in the ‘‘peculiar, 
garlicy odor which, once smelled, will never 
be forgotten.’’ The X-ray diagnostician’s 
report showed that there was a large and 
diffused necrosis of the bone, spreading out 
over a great area. There was sequestrum 
formation. The pieces varied in size; they 
had been undermined by the death of the 
bone and were lying loose in the tissue. 
At various times individual teeth were 
loosened in their sockets. At the examina- 
tion on April 10, 1924, one of the wisdom 
teeth, on the lower side, which had been 
uninterrupted, was found to be lying loose 
on the surface of the process in which the 
teeth grow, at right angles to its normal 
position. There was a pathologic fracture 
toward the front angle of the jaw, which 
means that the bone had broken itself from 
its wedging owing to the loss of bone tissue 
in that neighborhood. On the under sur- 
face of the Jaw, on both sides, the normal 
covering of the bone was shown to be 
separated from the bone and markedly 
thickened. The bone destruction, on April 
10, had extended to the angle just back of 
the wisdom tooth. These X-ray findings, 
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in the opinion of the X-ray diagnostician, 
constituted a diagnosis of chronic diffused 
osteomyelitis, with necrosis and sequestrum 
formation. 

Case 8 (Plant 3).—This patient, a colored 
girl, aged 21 years, had been exposed to 
phosphorus for about six years. 

This worker was treated in 1919 for a 
necrotic first upper molar socket, from 
which the tooth had been extracted five 
months before. The adjacent tooth 
loosened from the spreading infection, and 
the patient suffered much pain with the 
swelling of the jaw. Syphilis was suspected 
although no test was made. Antisyphilitic 
treatment was used, without result. Little 
relief was obtained from the gradual cu- 
rettement, with constant application of 
various antiseptics. An X-ray of the jaw 
showed an abnormal condition of the area 
surrounding the socket. The infection con- 
tinued to spread, the patient’s temperature 
rising to 102}°. The patient was ordered 
to the hospital but died before admission, 
after months of suffering. She had been 
employed in a fireworks factory both before 
and after the extraction of a tooth. The 
death certificate gives septicemia (duration 
seven days) as the cause of death, and 
abscess of the third upper molar tooth 
(duration, three months) as a contributory 
cause. 

Case 9 (Plant 3).—This patient was a 
colored girl, 22 years of age, who had been 
exposed to phosphorus for two years. 

The dentist stated that this worker 
came to his office on Sept. 7, 1921, having a 
hardened mass below a badly decayed lower 
first molar, resembling an alveolar abscess. 
The tooth was loosened and the jaw very 
painful. The tooth was extracted and the 
socket curetted; the jaw was treated every 
other day to reduce the inflammation. The 
swelling and pain continued, the abscess 
pointing outside on the face. The abscess 
was lanced, first inside the mouth and then 
outside on the face, and antiseptic solutions 
were used continuously. The patient gave 
a history of employment in a fireworks plant 
for some time previous. In order to elimi- 
nate the possibility of syphilis, a Wasser- 
mann test was made, which was negative. 
The patient’s condition improved for a 
while, but later other fistulous areas formed 
lower down on the neck, and she was ad- 


vised to enter a hospital for treatment. An 
operation was performed but the infection 
continued to spread. The case was very 
rapid in its course and the patient’s suffer- 
ing was intense. The dentist said that 
she “‘struggled to live, being the sole support 
of her two children, but succumbed to 
septicemia and exhaustion.’’ The death 
record gives exhaustion as the cause of 
death and ‘‘necrosis of jaw due to extrac- 
tion of teeth’’ (duration of three and a 
half months) as a contributory cause. 

The only records obtainable at the 
hospital were the date of entrance, Nov. 27, 
1921, and the date of death, March 13, 1922. 
The abscess on the jaw was opened on 
Nov. 28, 1921, and on Dec. 10, 1921. The 
operating physician reports as follows: 

“This is to state that I operated on a 
colored woman by the name of... ., a 
former employee of the. . . . fireworks 
company. This operation was for a nec- 
rosed lower jawbone, the right side being 
involved from the angle to midline. This 
was done in 1921. I felt certain at the time, 
in spite of her attributing it to the extrac- 
tion of a tooth, that this was a case of 
phosphorus poisoning. 

“At the time of the first operation, I 
removed large masses of dead bone from the 
outer side of the jaw. There seemed to be 
a thin, firm shell of new bone on the inner 
side. She did well for several weeks and 
then developed necrosis about the chin and 
angle of jaw. I reoperated and removed 
some more dead bone, but this was followed 
by no improvement of any note. 

“This case possessed a most horrible, 
sweetish fetid odor that was almost in- 
tolerable. She died of exhaustion in spite 
of all the supportive treatment usually 
indicated in such cases.’’ 

Case 12 (Plant 3).—This patient, a 
colored girl, aged 21 years, had been ex- 
posed to phosphorus for three years. 

According to the dentist, the patient 
came to him in November, 1923, with an 
opened, necrosed first lower molar socket, 
from which a tooth had been extracted on 
March 1, 1923. She had worked in a fire- 
works plant for two or three years and had 
gone back to work immediately after ex- 
traction of the tooth. A Wassermann test 
was negative. The swelling and pain in 
her jaw continued to increase, the abscess 
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opening in two places in her face. [ler tem- 
perature was 101 She was ordered to a 
hospital but, having no funds, was not 
admitted. An oral surgeon-—a member of 
he state board of health—took an active 
interest in her case and began treatment, 
vith encouraging results. An X-ray showed 
vidences of a mineral poison and secondary 
one formation. The fistulous area in her 
ace healed, and the sequestrum, which 
xtended from the first bicuspid to the 
amus of the jaw, was gradually working 
way. 

This patient appeared at a hospital dis- 
pensary on Feb. 19, 1926, where her case 
Vas diagnosed as osteomyelitis of the right 
side of the lower jaw. She stated that a 
month before an abscess broke beneath the 
right side of the jaw and had been draining 
ver since. On Feb, 27, 1926, the entire 
nner portion of the mandible was seen to 
be necrotie and the site of advanced in- 
ection, and it Was thoroughly curetted out 
ind a large amount of purulent infected 
material removed. In November, 1926, the 
patient had a stabbing, sharp pain in her 
aw at night, and a sinus opened up on the 
miter surtace of the jaw helow the angle. 
She was discharged from. the hospital 
November 23. 

On Feb. 10, 1927, the patient returned 
o the outpatient department, complaining 
t pain on the left side of her face. On 
\ug. S, 1927, she was again admitted to the 
hospital, and several pieces of dead se- 
juestrated bone were removed trom. the 
ramus of the jaw on the right side. The 
emaining bone was thoroughly curetted. 
lt seemed to bleed freely everywhere. Two 
or three teeth toward the midline on the 
right side were extracted. It was thought 
xdvisable not to operate on the left side 
Intil some time had clapsed, this side 
having become involved only recently. In 
September, the patient experience d extreme 
main and swelling of the lett side of the 
lower jaw, and returned to the hospital 
where, on September 15, a small ineision 
was made over the fluetuant part of the 
abscess with evacuation of a large quantity 
i pus. Protective drains were inserted in 


he cavity. On October 6, all the remaining 


teeth in the lower jaw were extracted. The 


mucous membrane was stripped to the 


vone. The alveolar border was rongeured 
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away to the cavity which was filled with 
granulation tissue, and there was a large 
sequestrum. The sequestrum was exposed 
by rongeuring away the alveolar border 
back past the last molar tooth. The 
sequestrum was then pried loose and re- 
moved, leaving a smooth wall of practically 
flat or slightly hollowed out rim of bone to 
maintain the jaw. The patient was dis- 
charged October 13, having been in the 
hospital since Sept. 15, 1927. On Feb. 13, 
1928, she was sent to the dental clinie for 
artificial teeth, and has had no further 
trouble, 


Another ease of phosphorus necrosis 
developed after the study for the 
United States Bureau of Labor Statis- 
ties was made. The history was as 
follows: 


Case A (Plant 3).—On Feb. 11, 1927, 
this worker's case was diagnosed in the 
outpatient department of a large hospital 
as osteomvelitis of the right side of the 
lower jaw, with abscess. The patient 
stated that the right side of the jaw had 
been swollen for three months and = on 
Christmas, 1926, an abscess had opened and 
discharged. She was admitted to the 
hospital on March 14 and she remained 
there until April 5, 1927. On March 17, all 
the teeth in the lower jaw were extracted 
since they were quite loose and easily 
moved about. The N-ravs had shown that 
they were in a sequestrum and were sur- 
rounded with pus. An incision was made 
In the neck to connect the sinuses and some 
se juestrum and some callus were removed. 
\ large sequestrum Was exposed but was not 
re noved, since the callus was quite SOIT, 
and in view of the patient’s five months’ 
pregnancy it was felt that there was not 
much hope ot the callus becoming firmly 
caleified., 

Qn June 27, 1927, the patient reentered 
the hospital, Since her discharge, she 
had been returning to the outpatient 
department for dressing. During that 
period there had been protuse drainage 
from the sinuses in the right mandible. 
\ month previous, she had noticed swelling 
and tenderness of the left mandible and 


shortly afterward pus began draining from 





a sinus in the gum of the left mandible. 
On June 30, an incision was made along the 


right ramus of the lower jaw where there 





were two draining sinuses. “There was con- 


siderable scar. tissue overlying the bone. 


A large mass of necrotic tissue was. re- 


moved and the abscess cavity in the bone 
this were obtained 


itself curetted Krom 


several more sequestra. After the opera- 
tion, the patient was running a fever of 100 
to 1O] 
left side of the jaw, 


teeth on the left 


and complained of severe pain in the 
Qn July 21, all the 
which 
and the 


side, were quite 


loose, were removed sequest ruin 


was partially removed. It was not thought 
advisable to remove the entire mandible, 

The patient was discharged on August 1S, 
and continued to come to the outpatient 


department for dressing until she was 


admitted for the third time, on Oct. 15, 
1927. In September, both jaws had again 
started to swell and it Was seen that the 


disease Wis hecoming progressively worse. 


Qn October 19. the entire left mandible 
was removed in one piece, this giving away 
quite readily with rather profuse bleeding 


There 


hone OT) 


for a few seconds. was a 
this 


pletely covered over with granulation tissue 


eood 


mandible of new side com- 
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so that the bone was not exposed. On the 


The 


sequestrum was removed back beyond the 


right side the mandible was exposed. 


Case A: taken March 15. 1927. 


angle of the jaw. The ascending part of 
the mandible could not be removed on this 
side but as much of the diseased bone as 


could be reached was rongeured away. 


The mucous membrane was resutured over 
rim of new 
bone present on the right side also, so that 


the bone. There was a good 


after the removal of the dead bone the 
contour of the jaw was not disturbed. The 
sinus tract on the right side was then 
opened a little larger on the neck so as to 
allow free drainage of the pus. The 


patient returned to the outpatient depart- 
ment for dressing after she was discharged 


-_ 


on Oct. 27. 1927. 


The hospital record for Jan. 27, 1928, 
shows that the sinus in the right side of the 
jaw was not discharging and the Jaw was 
the left 


not so swollen as it had been, but 


side, though less swollen than formerly, 
was discharging. The patient's general 
condition and weight were somewhat im- 
proved. On Feb. 38, 1928, there was a 


notation that the discharge Was continuous, 
and on May 7, 1928, the patient was still 


returning for dressing. 


NovVv., 192s 
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In the three plants manufacturing 
phosphorus fireworks, 366 persons 
were employed—181 men and 185 
women. The workers engaged in the 
phosphorus processes numbered 
seventy-one, of whom fifty-six were 
females (three were minors under 16) 
and fifteen were males (one a boy under 
16). Among the employees of these 
three factories there had occurred 
fourteen definite cases of phosphorus 
necrosis up to the time of the study 
and another case had developed later. 
Two of the cases were fatal. Three 
workers who had had _ phosphorus 
necrosis had gone back to work in the 
fireworks factories but were no longer 
employed in the phosphorus processes. 
In some instances the victims of 
phosphorus necrosis had known that 
the material with which they were 
working was poisonous and had been 
warned to take precautions, but some 
had not realized the dangerous nature 
of their occupation. 

The hazards were fully realized by 
the manufacturers themselves, who 
had been experimenting for some time 
to find a less dangerous substitute. 
One manufacturer considered the work 
so hazardous that he advocated the 
prohibition of the use of white phos- 
phorus. In a letter to the United 
States Bureau of Labor Statistics, 
dated April 14, 1925, he says: 


We are willing to, in fact, desirous of 
eliminating the use of white or yellow phos- 
phorus in the fireworks industry as being 
detrimental to the industry as a whole, 
but have felt compelled to continue along 
this line until such time as our competitors 
are willing to take similar action, by 
eliminating the use of this material entirely 
in their operation. Pending this time, 
we have exerted every effort toward the 
development of equipment and automatic 
machinery, so as to prevent human contact 


Vol. 10 
No. 9 


with this element to the greatest possible 
extent, and through recent development 
we will have reached the point within the 
next few weeks whereby no handling of this 
merchandise in which white or yellow 
phosphorus is used will be done by our 
employees. 

In spite of these developments, however, 
we are still averse to the use of phosphorus, 
and believe that Federal prohibition of the 
employment of this ingredient will be to the 
ultimate advantage of all concerned. 


At the semiannual meeting of the 
U.S. Fireworks Manufacturers’ Asso- 
ciation in New York on Jan. 30, 1926, 
the following resolution was passed: 


It is the sense of the meeting that the 
U.S. Fireworks Manufacturers’ Association 
support the efforts of the Department of 
Labor to eliminate white phosphorus from 
the fireworks industry. 


In a conference called by the Secre- 
tary of Labor of the United States, the 
matter of abolishing the manufacture 
of phosphorus fireworks was taken up. 
An agreement was made, through the 
Bureau of Labor Statistics, between 
the Department and all the manufac- 
turers of such articles, that they would 
cease so to manufacture on or before 
Aug. 15, 1926 (9). The text of the 
agreement was as follows: 


We, the undersigned manufacturers of 
the articles hereinafter named, agree jointly 
and each on his own behalf that we will 
discontinue on or before the 15th of August, 
1926, the manufacture of any type, form, or 
style of fireworks containing white or yellow 
phosphorus, and that after the disposal of 
the present stocks on hand and specifically 
after April 1, 1927, we will not sell or offer 
for sale any forms of fireworks, novelties, 
or products or other devices that contain 
white or yellow phosphorus. 

And we hereby agree with the Secretary 
of Labor not only to cease the manufacture 
and sale of thesearticles on the dates herein- 
before specified, but to agree to any form 
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of legislation or rules or regulations which 
may be instituted to prevent others from 
engaging in the manufacture or sale of such 
commodities, believing as we do that the 
injury resulting from such articles far 
exceeds their worth to the public. 

At the present time we, the undersigned, 
are so far as we know the only manu- 
facturers of the above-named type of 
fireworks. 

And we, the undersigned manufacturers, 
do hereby certify that we have the authority 
to bind our respective concerns in the man- 
ner and form hereinbefore stated, and that 
the signatures hereinafter made are ample 
for this purpose. 

It is understood by the parties signatory 
hereto that this agreement shall only be- 
come effective upon the acceptance of the 
same by other concerns engaged in the 
manufacture of fireworks as per list, and 
upon its acceptance by the other concerns 
as per list shall immediately become effec- 
tive. This agreement is intended to be 
perpetual from the time of its adoption. 

‘The Commissioner of Labor Statistics or 
the Secretary of Labor hereby agrees to 
notify the parties concerned when they 
shall have become parties hereto. 


By correspondence with the whole- 
salers and jobbers, it was agreed that 
the purchase of this class of fireworks 


for resale would end on or before April 
1, 1927. 

Through the investigation of the 
industry and the conference of the 
manufacturers, with its resulting 
agreement to abolish the use of white 
(yellow) phosphorus in fireworks, it is 
expected that cases of phosphorus 
necrosis will have been practically 
eliminated from the United States. 

The New York State Department of 
Labor has been working on an explo- 
sives code, one section of which will 
be devoted to fireworks. One subject 
which has been brought up for con- 
sideration is the prohibition of the use 
of phosphorus fireworks. 

It is desired to express special apprecia- 
tion to Dr. Carroll M. Salls of the New York 
State Department of Labor, who published 
in the Industrial Hygiene Bulletin for 
December, 1924, a summary of a report on 
“The Menace of Phosphorus Fireworks,’’ 
and to Dr. Wm. M. Logan, a dentist of 
Petersburg, Va., for his assistance in locat- 
ing cases of phosphorus necrosis and for 
his co-operation in turning over his records. 
Had it not been for his accurate diagnosis 
and careful treatment, the cases which de- 
veloped might have been much more severe. 
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